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Abstract 
 
 
Recent findings have led to the discovery that the Sc-catalyzed addition of substituted 
diazoalkanes to aldehydes elegantly affords a net carbon insertion into the C-H bond, delivering 
the requisite ketone in one simple step with no need for a readjustment in oxidation state.  This 
chemistry is much improved over the century old diazomethane chemistry which requires 
stoichiometric amounts of a promoter and is limited in both application and scope.  The new 
catalytic method has now been utilized as the key step in the synthesis of the pseduosymmetric 
precursor to the natural product achyrofuran, which has been named “pre-achyrofuran.”  
Subsequently, a related project was pursued involving the desymmetrization of bicyclic β-
diketones by catalytic carbon insertion with trimethylsilyldiazomethane as the reagent.  
Preliminary developments in this area are disclosed. 
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1 
Chapter 1  Introduction 
 
 
Ketones, one of the most ubiquitous functional groups in organic chemistry, have proven 
to be deceptively complex units to install in both novel and practical molecules.  Traditionally, 
the most common method involves one of many variations on the addition of an organometallic 
to an aldehyde followed by subsequent reoxidation.  While this method tends to be high yielding, 
it is inefficient by design and stands to be improved.  Despite this, it is known that the 
transformation can be accomplished in a single step by reaction of the requisite aldehyde with 
diazo compounds.1  This method has remained largely unexplored due to limitations in scope and 
pervasive concerns over the hazards of working with diazoalkanes.  Diazomethane, a toxic gas at 
room temperature, has been occasionally documented for its tendency to violently explode 
during distillation.2  It should be noted that after four years of working with our non-stabilized 
diazo compounds in the Kingsbury Group, there has not been a single incident involving the 
stability or reactivity that threatened the health or safety of any individual.  Our procedures 
involve handling these useful nucleophiles only in solution, and as a result of inductive reasoning 
during this time period, we conclude that through the heavier molecular mass of substituted 
diazomethanes, the safety risk is attenuated to a significant degree. 
 Close to a century ago, Schlotterbeck 
and coworkers pioneered the earliest known 
reactions of diazomethane with benzaldehyde, 
isovaleraldehyde, and n-heptaldehyde, 
obtaining acetophenone, methyl isobutyl 
ketone, and methyl n-hexyl ketone, 
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respectively, under mild conditions.3  These chemical events accomplish the net insertion of a 
methylene (“CH2”) group into the C-H bond of the aldehyde.  As shown in Scheme 1, the 
reaction occurs by: (1) nucleophilic attack of 1 (R1, R2 = H) on the carbonyl group of 2 to form 
the zwitterionic tetrahedral intermediate 4 and (2) 1,2-C-H bond migration with concerted loss of 
dinitrogen to afford ketone 3.  In 1994, Yamamoto and coworkers reported efficient 
homologation of aliphatic aldehydes with diazomethane in the presence of stoichiometric 
amounts of trimethylaluminum or MAD as the Lewis acid (4, LA = R3Al).4  Despite these 
results, reaction scope was limited by not testing nucleophiles more substituted than diazoethane, 
and attempts to achieve catalytic turnover were not successful. 
 Even with the outlined hardships, investigations have been undertaken and some 
important data are found in the literature.  For example, benzyl ketone synthesis has been 
reported by reaction of aryldiazomethanes in diethyl ether saturated with lithium bromide.  
However, more hindered electrophiles such as pivaldehyde failed to react.5  Bearing witness to 
the rich, yet vastly incomplete history of chemistry in this genre, the Kingsbury Group was the 
first to apply nonstabilized, internal diazoalkanes to catalytic C-C and C-H insertion. 
 During this research program, graduate student David Moebius discovered a catalyst (4, 
LA = Sc(OTf)3) for carbon insertion with cyclobutanone electrophiles that is broadly applicable 
to the most substituted nucleophiles (1, R1 and R2 = alkyl or aryl), as shown by the representative 
transformation in Scheme 2.6  This result, together with the development of a safe and 
convenient three-step procedure for preparing nonstabilized diazoalkanes (1) from the 
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corresponding aldehyde or ketone (5, Scheme 1), suggested the plausibility of similar catalysis 
for aldehyde substrates. 
In the context of the synthesis of pre-achyrofuran, outlined below, new methodology was 
developed which has expanded the scope of the newly developed carbon insertion reaction to 
favor C-H bond migration and facilitate the reaction of diazo compounds with aldehydes, 
affording a wide variety of ketones.7  As was predicted, only minor modifications and 
optimization of the reaction conditions were needed to make this goal become a reality. 
One of the most recent advances to methods development in the Kingsbury Group 
include preliminary studies on the regiochemistry of catalytic carbon insertion reaction.  It has 
been reported that trimethylsilyldiazomethane (TMSD) affords a net methylene insertion with 
BF3 and Al-based promoters8 or in protic solvents.9  Efforts to further this precedent and solve 
the problem of consistent and efficient regiocontrol with unsymmetrical ketone were undertaken 
by graduate student Jennifer Dabrowski.  A representative outcome of this research is shown in 
Scheme 3.10 
In the context of this work with TMSD, ring expansions of tertiary and quaternary α-aryl 
cyclobutanones were conducted with very good to excellent yields.  As is seen in Scheme 3, 
triflate (OTf) as the ligand on scandium affords an enolsilane as the product, while 
hexafluoroacetylacetonate (hfac) yields a carbosilane, both of which can be hydrolyzed to the 
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4 
corresponding cyclopentanone with dilute acid.  However, it is interesting to ponder the 
possibilities which can be investigated by utilizing these products.  For example, the carbosilane 
could be used in a Fleming-Tamao oxidation, and the enolsilane could be exploited in a 
Mukaiyama Aldol reaction.  It is this divergency in product formation, the potential for 
subsequent chemistry, and a serendipitous result that has led to the study of this method for the 
desymmetrization of β-diketones. 
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Chapter 2  Achyrofuran 
 
 
2.1 Introduction 
 
 
One of the overarching goals of the Kingsbury Group 
is to dovetail the development of new methodology with the 
synthesis of interesting synthetic targets.  As such, an added 
impetus for the study of this new methodology was the recent 
structural determination of the complex, biologically active 
metabolite achyrofuran (6), whose absolute and relative stereochemistries remain unknown.11  
This prenylated dibenzofuran naturally occurs in Achyrocline satureioides, a plant that is known 
as “macela” and has been used in South American folk medicine for ages.12  One of its useful 
effects is a substantial diminution of blood glucose levels when administered orally to mice.11  In 
vitro experiments compared the dose response of achyrofuran compared to that of metformin, a 
biguanidine drug currently widely prescribed for the treatment and management of non-insulin-
dependent diabetes mellitus (NIDDM) also known as Type II Diabetes.  In vivo studies showed 
that oral administration to db/db mice at 20 mg/kg lowered blood serum glucose significantly 
below that of similar mice treated with metformin at 250 mg/kg.  As a result, achyrofuran could 
serve as an interesting lead compound in the pursuit of the next generation treatment for 
NIDDM. 
As achyrofuran came to our attention through conversation with Dr. Evan Kantrowitz, a 
senior enzymologist in our own department at Boston College, it became clear that a potentially 
fruitful collaboration was possible.  In docking studies carried out by Professor Kantrowitz and 
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O
O
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6 
his graduate students, achyrofuran has been shown to be an allosteric inhibitor of the enzyme 
1,6-bisphosphatase (FBPase).  FBPase hydrolyzes fructose 1,6-bisphosphate to fructose 6-
phosphate and is thus a key phosphatase in the human gluconeogenesis pathway. Interestingly, as 
a potential pharmaceutical target to treat hyperglycemia, FBPase remains to our knowledge to be 
unexplored. 
Planning arranged for pre-achyrofuran (7) to be the initial 
synthetic target.  Each prenyl domain represents a site for 
molecular diversity in the context of simple, testable analogues 
of the natural product.  Moreover, 7 constitutes the key 
intermediate in a concise biomimetic approach to achyrofuran.  It 
is possible that pre-achyrofuran or a derivative can be co-crystallized with FBPase in order to 
probe the cognant interactions and thereby ascertain both the absolute and relative 
stereochemistries of achyrofuran.  In addition, we hope to exploit knowledge of the binding 
pocket in order to launch a target-based drug discovery effort. 
OH HO
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2.2 Results and Discussion 
 
First generation planning in the synthesis of pre-achyrofuran is outlined in Scheme 4.  Starting 
with the commercially available benzenetriol phloroglucinol 8, bisprotection at room 
temperature using 1.2 equivalents of Me2SO4 and K2CO3 in acetone, affords 9.  Our thinking was 
that reverse prenylation of the remaining hydroxyl group could serve as both a protecting group 
and a latent form of the prenyl group needed at either of the degenerate ortho positions via 
Claisen rearrangement.  This event has been reported to proceed by Pd-catalyzed allylic 
substitution in the context of very similar substrates.13  Formylation of 10 with TMEDA, t-BuLi, 
and DMF would then give 11 regiospecifically at the site ortho to the two methoxy groups was 
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8 
expected to be high for two reasons:  (1) the methoxy groups serve as ortho-directing groups14, 
and (2) the bulky, tertiary ether sterically discourages reaction at the two remaining sites.  An 
alternative plan was considered in case these two factors proved to be insufficient or if 
demethylation proved to be problematic at a later stage.  This would involve abandoning methyl 
protecting groups for MOM (methoxymethyl) groups, which have a more powerful ortho-
directing capability.  11→12 serves as the practical application for our catalytic diazoalkane 
insertion technique.  2-Diazobutane can be synthesized in three safe and simple steps from the 
corresponding ketone, 2-butanone, namely triisopropyl (TIPS) hydrazone formation, fluoride-
induced deprotection, and oxidation.6  Next, a thermally-induced [3,3]-sigmatropic 
rearrangement would install a prenyl group at one of the two degenerate ortho positions to give 
13.  Double deprotection with BBr3 in CH2Cl2 could unmask the triphenol key intermediate 14.  
The final step called for a biomimetic oxidative coupling to produce the dibenzofuran core of 7, 
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9 
“pre-achyrofuran.”  FeCl3 on silica gel is a practical, commercially available single-electron 
oxidant and therefore an obvious choice for this step.  The C-C bond must be formed at the only 
available site, but it was clear that two different regioisomers could form as a result of the two 
non-identical hydroxyl groups that are available to form the ether linkage.  Regioselectivity in 
favor of the desired product is clearly high in Nature (potential biological route is shown in 
Scheme 5) and was expected in the laboratory for two reasons:  (1) the carbonyl group is more 
effective at drawing electron density away from the more proximal hydroxyl group at C1, and (2) 
C3 is much more electrophilic due to the electron-withdrawing effect of the ketone carbonyl, 
making it more prone to intramolecular attack the C3 hydroxyl group.  This final step would 
afford our target molecule, “pre-achyrofuran.” 
 Unfortunately, the first generation synthesis failed to lead us to pre-achyrofuran.  
Difficulties arose during the Pd-catalyzed reverse prenylation (→10), which proved to be 
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ineffective.  Specifically, regiochemistry was poor and the reaction was extremely sensitive to 
the purity of the indicated isobutyl carbonate, who synthesis was non-trivial.  Since this 
happened early in the synthesis, a new, second-generation route was developed.  The new route, 
while not as boldly designed, still contained our key diazoalkane homologation and actually 
contained fewer overall steps (Scheme 6). 
 The new route began with 1,3,5-trimethoxybenzene (15), which can either be synthesized 
using a stoichiometry modification to the methylation reaction described above for 
phloroglucinol (8→9) or purchased commercially.  Forceful conditions were required to lithiate 
and subsequently prenylate the arene due to the preponderance of electron-donating methoxy 
groups.  Nevertheless, 16 was easily obtained.  Formylation via lithiation was abandoned from 
the first generation route because of competing deprotonation at the doubly allylic methylene on 
the prenyl group. 
Fortunately, Vilsmeier-Haack formylation worked beautifully to formylate the arene.  
Initially, phosphoryl chloride was used as the chlorinating agent, but a substantial byproduct was 
formed as the reagent, under the harshly acidic conditions, hydrochlorinated the trisubstituted 
olefin by a Markovnikov addition.  Temperature, concentration, solvent, and additive (e.g. 
triethylamine) screens were run in an attempt to eliminate the byproduct.  As it turns out, the 
simple solution was to switch formylation conditions to oxalyl chloride as a reagent.  This 
afforded none of the byproduct and gave access to clean samples of 17 on scale.  Synthesis of 18 
served as an excellent proving grounds for our diazoalkane insertion reaction, which proceeded 
without any problems.  Care in handling and purification did need to be taken due to the low 
molecular weight of 2-diazobutane, but as stated previously, no safety hazards were identified.  
Deprotection of 18 to afford 14 was complicated by the fact that attempts to drive the reaction to 
11 
higher conversion and full demethylation gave considerable decomposition.  Various conditions 
were screened, including AlCl3, HBr, and TMSI, but the traditional deprotection method utilizing 
BBr3 proved to be the best, in spite of its harsh, acidic nature.  Alternative conditions such as 
dissolving metal reduction finds precendent in the literature, but the trisubstituted olefin and 
carbonyl group precluded those conditions from being applicable.  Considering the steric bulk 
around the arene and that the methyl groups are very deep within all the congestion, it was not a 
surprise that this deprotection was problematic.  Nevertheless, 14 was obtained in low yield and 
was subjected to the FeCl3 oxidation in an identical manner to how it was previously planned in 
the first generation synthesis. 
 Despite the fact that pre-achyrofuran had been synthesized, it was apparent that several 
steps, namely the deprotection and oxidative coupling needed optimization.  The first attempt 
was to utilize a different protecting group from the onset that could potentially be more easily 
cleaved.  Methoxymethyl (MOM) ether, methoxyethoxymethyl (MEM) ether, and ethoxyethyl 
(EE) were screened first due to their facile deprotection under milder conditions.  Despite their 
attractiveness, none of these groups were able to be simultaneously installed on all three phenolic 
hydroxyl groups.  It is our hypothesis that the increased steric bulk of these groups prevented a 
one-step global protection, leading to incomplete conversion.  The next effort utilized 
benzyloxymethyl (BOM) ether protecting groups which somewhat surprisingly proved effective.  
Prenylation using the n-BuLi conditions described above also proceeded smoothly.  
Unfortunately, Vilsmeier-Haak formylation, under a variety of tested conditions, returned 
starting material without fail.  Yet again, it was hypothesized that the sheer steric bulk of the 
multiple aromatic groups led to a lack of reactivity.  As a final effort, benzyl groups were 
investigated and proved moderately successful.  Base mediated protection using benzyl bromide 
12 
protected all three phenolic hydroxyl groups, but a fair amount of C-benzylation was also 
observed.  It is feasible to draw a mechanism invoking SNAr and have electrons from the 
extremely electron-rich arene attacking benzyl bromide to produce the byproduct in question.  
After extensive research and conversation in the department, it became apparent that C-
benzylation is a documented problem, and hidden deep in the literature there was a solution.  By 
protecting a phenol with an acetyl group, an in situ deprotection and reprotection with benzyl 
groups can be accomplished.15  No explanation nor motivation for this rather odd method is 
offered in the literature, but nonetheless, it proved effective. 
As a result, tribenzyloxybenzene 19 served as a new point of departure as shown in 
Scheme 7.  Without the acid sensitive prenyl group pre-installed, more traditional phosphoryl 
chloride conditions were able to be implemented in the Vilsmeier-Haak formylation.  At this 
point, work was being conducted on multigram scale, and a more traditional ketone synthesis 
was employed in order to not have to use ungainly amounts of a low molecular weight 
diazoalkane.  The corresponding Grignard was formed from 2-bromobutane and reacted with 
tribenzyloxybenzaldehyde.  Subsequent oxidation using standard Swern conditions proved to be 
optimal for oxidations of the alcohol up to the ketone.  Finally, palladium-catalyzed 
hydrogenation was used for global deprotection, giving 20.  With this compound in hand, 
screening was again started in order to attempt prenylation in the presence of free phenols.  It is 
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obvious that competition exists between C- and O-prenylation, but it was hoped that optimization 
could lead to complete selectivity.  Initially, potassium carbonate and prenyl bromide were added 
to 20 in THF, but low yields made this simple approach impractical.  Hypothesizing that 
solubility of the inorganic base was contributing to the low yield, excess equivalents of 
potassium carbonate were used in combination with different solvents such as diethyl ether and 
acetone, which again proved ineffective.  Along the same lines, cesium carbonate was used due 
to its higher solubility in organic solvents.  This method increased conversion but not to a 
synthetically useful level.  The last attempt came to mind thanks to the graduate students 
teaching sophomore organic chemistry who were constantly refreshing me on basic principles.  
In order to make the prenyl group a more reactive electrophile, a Finkelstein Reaction could be 
used to replace the allylic bromide with an iodide.  The first attempt involved preforming the 
iodide but it suffered from decomposition upon handling.  In the end, an in situ Finkelstein was 
accomplished and yield was maximized by employing tetrahydrofuran, an atypical solvent for 
the reaction. 
Much data has been accumulated regarding the described routes toward achyrofuran.  In 
the context of a surprisingly versatile synthesis, many options are available to attempt to produce 
achyrofuran with good yield, despite the plethora of setbacks.  Future work will involve testing 
the various permutations coupled with some minor optimization in order to synthesize pre-
achyrofuran in maximum yield.  This is even more critical when taken in the context of the 
fruitful collaboration with the Kantrowitz Group that lies ahead, particularly with regard to 
rational synthetic design of other active pharmaceuticals in the treatment of NIDDM. 
14 
2.3 Experimental Procedures 
 
 General:  Infrared spectra were recorded on a Thermo Scientific Nicolet iS10 FT-IT or a 
Mettler-Toledo ReactIR iC10 spectrophotometer, νmax in cm-1.  Bands are reported as strong (s), 
medium (m), weak (w), and broad (br).  1H NMR spectra were recorded on a Varian Gemini 
2000 (400 MHz), or Varian INOVA 500 (500 MHz) spectrometer.  Chemical shifts are reported 
in ppm from tetramethylsilane with the solvent resonance as the internal standard (CHCl3: δ 
7.26).  Data are reported as follows:  chemical shift, multiplicity (s = singlet, d = doublet, t = 
triplet, q = quartet, br = broad, m = multiplet), and integration.  13C NMR were recorded on a 
Varian Gemini 2000 (100 MHz) spectrometer with complete proton decoupling.  Chemical shifts 
are reported in ppm from tetramethylsilane with the solvent as internal reference (CDCl3: δ 
77.16).  High-resolution mass spectra were obtained at the Boston College Mass Spectrometry 
Facility. 
 Unless stated otherwise, all reactions were carried out in flame-dried glassware under an 
atmosphere of nitrogen in dry, degassed solvent with standard Schlenk or vacuum-line 
techniques.  THF, Et2O, toluene, CH2Cl2, DMF, pentane, and hexanes were dispensed from a 
Glass Contour solvent purification system custom manufactured by SG Waters, LLC (Nashua, 
NH).  Triisopropylsilylhydrazine was prepared as previously described.6  1,1,3,3-
tetramethylguanidine (Acros) and cyclohexane (Aldrich) were distilled over calcium hydride.  
Pb(OAc)4 (Aldrich), after dissolution in minimal hot glacial acetic acid, deposited as bright white 
needles upon cooling.  The crystals were washed in a fritted Schlenk filter with pentane, dried 
under vacuum, and then stored in a glovebox at -20 °C.  Phloroglucinol (Acros) was purified by 
recrystallization from water followed by silica gel chromatography (1:1 hexanes:ethyl acetate).  
15 
1,3,5-trimethoxybenzene (Aldrich) was sublimed under vacuum.  Sc(OTf)3 (Aldrich) was dried 
in a Schlenk tube for 2 days at 200 °C.  Oxalyl chloride (Aldrich) was fractionally distilled under 
nitrogen.  TBAF (Acros) and powdered 4 Å molecular sieves (Aldrich) were purchased and used 
as received.  Column chromatography was performed with EMD silica gel 60 (230-400 mesh) 
and driven with compressed air.  Analytical TLC was carried out with EMD silica gel 60 F254 
precoated plates (250 µm thickness) and a ceric ammonium molybdate, potassium permanganate, 
or phosphomolybdic acid stain for spot visualization. 
 
 
1,3,5-trimethoxy-2-prenylbenzene (16).  In a round bottom flask equipped with a stir 
bar, 3.89 g (23.1 mmol) of 1,3,5-trimethoxybenzene was dissolved in 46 mL of cyclohexane.  
The resulting colorless solution was cooled to 0 °C and 20.0 mL of n-BuLi (1.62 M in hexanes, 
32.4 mmol, 1.4 equiv) was added dropwise over 10 minutes, turning the solution pale yellow in 
color.  The reaction mixture was then heated to 65 °C for 30 min, at which point a fine, rust-
colored precipitate had formed.  After cooling the mixture to 23 °C, 4.0 mL (34.6 mmol, 1.5 
equiv) of prenyl bromide was added dropwise from a syringe over 5 minutes, and the mixture 
was again heated near the solvent boiling point for 2 h.  Upon cooling to 23 °C, the reaction 
mixture was yellow-orange in color but remained cloudy.  The mixture was then diluted with 100 
mL of saturated sodium bicarbonate and transferred to a separatory funnel with 50 mL of Et2O.  
After vigorous agitation and removal of the organic layer, the aqueous layer was washed with 
two additional 50 mL volumes of Et2O.  The combined organic layers were dried over 
magnesium sulfate, filtered, and concentrated to an orange oil.  Due to a minor impurity that co-
OMe
OMeMeO
16 
elutes with the product (the product of bis-prenylation), purification was best accomplished in 
two stages by separate chromatographies, first in 1.2:1 CH2Cl2:hexanes (TLC Rf = 0.40) and 
second in 15:1 hexanes:ethyl acetate (TLC Rf = 0.30).  Concentration of pure fractions afforded 
4.38 g (18.5 mmol, 80%) of a colorless oil that solidified when stored neat at –20 °C.  IR (thin 
film): 2915 (w), 1592 (m), 1453 (m), 1202 (m), 1146 (m), 1114 (s), 809 (w).  1H NMR (400 
MHz, CDCl3): δ 1.68 (s, 3H), 1.80 (s, 3H), 3.31 (d, 2H), 3.82 (s, 9H), 5.23 (t, 1H), 6.18 (s, 2H).  
13C NMR (100 MHz, CDCl3): δ 17.9, 21.8, 25.9, 55.4, 55.9, 90.6, 110.8, 123.8, 130.5, 158.7, 
159.4.  HRMS (ESI+) Calcd for C27H35O4+ [M+1]+: 423.2491; Found: 423.2491. 
 
 
2,4,6-trimethoxy-3-prenylbenzaldehyde (17).  A round bottom flask was charged with 
322 µL (3.80 mmol, 1.2 equiv) of oxalyl chloride and 15 mL of CH2Cl2; the resulting 
homogeneous solution was cooled to 0 °C.  At a rate conducive to the control of gas evolution 
(~1 drop per 15 seconds), 295 µL (3.80 mmol, 1.2 equiv) of dimethylformamide was added by 
syringe.  The reaction mixture was stirred for 30 min and warmed to 23 °C.  A solution of 1,3,5-
trimethoxy-2-prenylbenzene (16) (750 mg, 3.17 mmol in 6 mL of cyclohexane) was then 
quantitatively transferred through a cannula.  The mixture was subsequently stirred for 4 h at 23 
°C and then diluted with 50 mL of saturated sodium bicarbonate and 50 mL of ethyl acetate.  
After removal of the organic layer in a separatory funnel, the aqueous layer was washed with two 
additional 50 mL portions of ethyl acetate.  Combined organic layers were dried over magnesium 
sulfate, filtered, and concentrated to a yellow oil.  Purification by silica gel chromatography 
(TLC Rf = 0.30 in 1:1 hexanes:ethyl acetate) afforded 788 mg (2.98 mmol, 94%) of 17 as a pale 
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yellow oil.  IR (thin film): 2932 (w), 1673 (s), 1588 (m), 1224 (m), 1098 (s), 809 (w).  1H NMR 
(400 MHz, CDCl3): δ 1.64 (s, 3H), 1.75 (s, 3H), 3.24 (d, 2H), 3.79 (s, 3H), 3.88 (s, 6H), 5.11 (t, 
1H), 6.24 (s, 2H), 10.29 (s, 1H).  13C NMR (100 MHz, CDCl3): δ 17.9, 22.2, 26.0, 55.9, 56.1, 
63.2, 91.1, 110.4, 116.6, 123.0, 131.8, 161.9, 162.4, 164.1, 188.1.  HRMS (ESI+) Calcd for 
C28H35O5+ [M+1]+: 451.2440; Found: 451.2450.  
 
 
 2-butanone N-triisopropylsilylhydrazone.  A round bottom flask equipped with a Teflon-
coated stir bar and a jointed vacuum adapter was charged with powdered 4 Å molecular sieves (4 
g) and then extensively flame-dried under vacuum (~1 torr).  After backfilling with nitrogen, the 
vacuum adapter was swapped for a rubber septum, the flask was purged with nitrogen, and 
subsequently 2-butanone (0.27 mL, 3.0 mmol, 1.0 equiv) and tetrahydrofuran (3 mL) were added 
with stirring.  After cooling the suspension to 0 °C, triisopropylsilylhydrazine (0.50 g, 3.0 
mmol), measured by mass difference into a gas tight syringe, was slowly added dropwise using a 
syringe pump (2 h).  After 30 min of additional stirring, the mixture was filtered through a pad of 
celite in a sintered glass Schlenk filter into a flame-dried 50 mL round bottom flask cooled to 0 
ºC.  The original flask, molecular sieves, and celite were washed with two additional 5 mL 
portions of cold diethyl ether.  The resulting homogeneous filtrate was concentrated on a rotary 
evaporator equipped with an oil-free diaphragm pump (3-10 torr) immersed in a 0 ºC ice bath, 
thus affording 0.70 g (11 mmol, >98%) of product as a colorless oil.  If not used directly in the 
subsequent oxidation, this material was stored under nitrogen at –20 °C and shielded from light. 
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 2-diazobutane.  A flame-dried 50 mL round bottom flask with an oversized Telflon-coated 
stir bar was charged with 2-butanone N-triisopropylsilylhydrazone (700 mg, 2.95 mmol) and 10 
mL of tetrahydrofuran.  After cooling the colorless solution to 0 ºC, 2.95 mL of 
tetrabutylammonium fluoride (1.0 M in THF, 2.95 mmol, 1.0 equiv) was added by syringe, at 
which point a yellow-orange discoloration immediately occurred.  The solution was stirred for 10 
min and then concentrated with a nitrogen purge.  Without purification and in the same vessel, 
the crude hydrazone was freed of residual solvent under vacuum at −20 ºC, purged with nitrogen, 
and redissolved in 15 mL of DMF and 5 mL of 1,1,3,3- tetramethylguanidine (59 mmol, 20 
equiv).  The solution was cooled to –45 °C (dry ice/acetonitrile bath) and Pb(OAc)4, finely 
powdered and weighed into a large vial in a glovebox (1.40 g, 3.24 mmol, 1.1 equiv) was added 
in three portions.  After 45 min of stirring at –45 °C, distillation glassware was affixed to the 
reaction flask and the system was placed under static high vacuum for 1.5 h with the reaction 
flask at 0 °C and a collection flask at −78 °C.  Once all coloration had left the reaction flask, the 
distillation apparatus was swapped for a rubber septum in order to introduce 1 mL of toluene.  
The concentrated deep orange toluene layer was washed once with 5 mL of precooled 30% 
aqueous potassium hydroxide solution and twice with 5 mL portions of saturated aqueous 
ammonium chloride.  In each case, prolonged (>30 sec) vigorous stirring was allowed, the 
aqueous layer was removed by syringe, and warming above the freezing point (–20 °C) was 
required for miscibility; these washes served (respectively) to remove residual DMF and 
tetramethylguanidine from the distillate.  The diazoalkane solution was then transferred 
quantitatively (freezing the final aqueous wash is most convenient) to a 2 mL volumetric flask 
for storage and use.  The active titer was determined by esterification with benzoic acid.  To this 
N2
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end, 100 µL of the stock solution was diluted with 1 mL of THF in a 5 mL round bottom flask, 
cooled to –45 °C, and treated with benzoic acid dropwise by syringe (295 µL of 1.0 M in THF, 
0.295 mmol, 1.0 equiv based on theoretical).  Upon slow warming from –45 °C, the reaction 
mixture became colorless and nitrogen evolution was observed.  This mixture was diluted with 
Et2O (10 mL) and saturated sodium bicarbonate (10 mL) and transferred to a separatory funnel.  
After removing the organic layer, the aqueous layer was washed with two additional 5 mL 
volumes of Et2O.  The pooled extract was dried over magnesium sulfate and concentrated to a 
light yellow oil.  Purification by silica gel chromatography (TLC Rf = 0.30 in 95:5 hexanes:ethyl 
acetate) afforded 13.0 mg of sec-butyl benzoate (25% yield, indicative of a 0.73 M stock solution 
of diazoalkane).  
 
 
 2-methyl-1-(2,4,6-trimethoxy-3-prenylphenyl)butan-1-one (18).  In a glovebox, a flame-
dried round bottom flask equipped with a Teflon-coated stir bar was charged with Sc(OTf)3 (211 
mg, 0.428 mmol, 0.10 equiv), sealed with a rubber septum, and removed from the glovebox.  In a 
fume hood, toluene (7.0 mL) was added by syringe, suspending but not dissolving the catalyst.  
After cooling the mixture to –78 °C, trimethoxyprenylbenzaldehyde 17 (1.13 g, 4.28 mmol, 1.0 
equiv) and 2-diazobutane (0.67 M in toluene, 7.0 mL, 4.7 mmol, 1.1 equiv, solution kept cold at 
–78 °C) were added in succession (each in one portion) to the stirring reaction mixture via 
syringe.  The reaction was stirred for 10 min at –78 °C, at which point the reaction mixture was 
concentrated with a nitrogen purge and purified by silica chromatography (TLC Rf = 0.30 in 
90:10 hexanes:ethyl acetate) affording 1.25 g (3.89 mmol, 91%) of the requisite ketone product.  
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IR (thin film): 2938 (w), 2865 (w), 1694 (s), 1598 (m), 1460 (m), 1106 (w).  1H NMR (400 MHz, 
CDCl3): δ 0.92 (t, J = 7.7 Hz, 3H), 1.11 (d, J = 8.8 Hz, 3H), 1.19 (m, 1H), 1.68 (s, 3H), 1.76 (s, 
3H), 2.91 (m, 1H), 3.27 (d, J = 8.7 Hz, 2H), 3.69 (s, 3H), 3.81 (s, 3H), 3.87 (s, 3H), 5.16 (t, J = 
6.7 Hz, 1H), 6.26 (s, 1H).  13C NMR (100 MHz, CDCl3): δ 12.0, 12.4, 15.2, 22.9, 25.4, 25.9, 
49.1, 56.0, 56.1, 63.3, 92.0, 116.2, 123.5, 123.6, 131.7, 155.9, 156.4, 159.9, 208.6.  HRMS 
(ESI+) Calcd for C19H28O4+ [M+1]+: 321.2066; Found: 321.2075. 
 
 
 2-methyl-1-(2,4,6-trihydroxy-3-prenylphenyl)butan-1-one (18).  To a methylene 
chloride solution (0.46 mL) of 0.047 mmol of 18 (15 mg) in a 1 dram vial was added, in one 
portion, 0.28 mmol of BBr3 (27 µL, 6.0 equiv) at 23 °C.  After tightly sealing the vial with a 
Teflon-lined screw cap, and taping the joint with electrical tape, the solution was heated at 35 °C 
for 12 h.  The reaction mixture was then cooled to 23 °C and washed with an equivalent volume 
of saturated aqueous sodium chloride.  The organic layer was dried over magnesium sulfate, 
filtered, and concentrated.  Purification by silica gel chromatography (TLC Rf = 0.30 in 90:10 
hexanes:ethyl acetate) delivered a clear oil in 15% yield (0.007 mmol, 2 mg).  IR (thin film): 
3422 (br), 2972 (w), 2930 (w), 1626 (s) 1590 (m), 1422 (w), 1229 (m), 1158 (m), 1117 (m), 882 
(w), 817 (w).  1H NMR (400 MHz, CDCl3): δ 0.92 (t, J = 7.7 Hz, 3H), 1.18 (d, J = 8.8 Hz, 3H), 
1.33 (s, 6H), 1.38 (m, 2H), 1.79 (t, J = 6.7 Hz, 1H), 2.59 (t, J = 6.7 Hz, 1H), 3.73 (m, 1H), 5.71 
(s, 1H), 5.98 (br s, 3H).  HRMS (ESI+) Calcd for C16H23O4+ [M+1]+: 279.1795; Found: 
279.1880. 
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 “pre-achyrofuran” (7).  To a slurry of 0.0576 mmol FeCl3 on SiO2 (0.144 g, 4.0 equiv) in 
CH2Cl2 (0.72 mL, 0.08 M) at 23 °C in a flame-dried round bottom flask equipped with a Teflon-
coated stir bar was added a 0.2 M solution of 14 (4.0 mg, 0.014 mmol) in CH2Cl2:CH3CN (3:1).  
The faint yellow solution instantly turned dark brown, and after 5 min of vigorous stirring the 
solution was filtered through a pad of celite and concentrated to a viscous brown oil.  
Purification by silica gel chromatography (TLC Rf of 28 = 0.30 in 95:5 hexanes:ethyl acetate) 
afforded 3.8 mg of the desired product (0.0071 mmol, 51%), 1.6 mg of the uncyclized 
homodimer (0.0029 mmol, 21%), and 0.9 mg of recovered starting material (0.0031 mmol, 
21%).  Characterization follows for the desired product dibenzofuran, pre-achyrofuran.  IR (thin 
film): 3492 (b), 2927 (w), 1618 (s), 1420 (w), 1230 (w), 1159 (m), 1117 (w).  1H NMR (400 
MHz, CDCl3): δ 0.94 (t, J = 7.5 Hz, 3H), 0.96 (t, J = 7.5 Hz, 3H), 1.23 (d, J = 7.0 Hz, 3H), 1.24 
(d, J = 7.0 Hz, 3H), 1.31 (s, 3H), 1.32 (s, 3H), 1.39 (m, 1H), 1.46 (m, 1H), 1.69 (s, 3H), 1.85 (s, 
3H), 1.86-1.92 (m, 2H), 3.47 (m, 1H), 3.73 (m, 1H), 5.69 (br s, 2H), 5.99 (br s, 2H).  HRMS 
(ESI+) Calcd for C32H41O7+ [M+1]+: 537.1295; Found: 537.1259. 
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 1,3,5-tris(benzyloxy)benzene (19).  1.13 g (8.99 mmol) of phloroglucinol was dissolved 
in 30 mL pyridine (0.3 M) in a flame-dried round bottom flask equipped with a Teflon-coated 
stir bar at 23 °C.  100 mg (0.9 mmol, 0.1 equiv) dimethylaminopyridine was added in one 
portion, followed by 2.72 mL (28.79 mmol, 3.2 equiv) of acetic anhydride.  The mixture was 
then stirred for 14 hours at which point it was quenched with 50 mL 1 N aqueous HCl and added 
to a separatory funnel.  The mixture was extracted with three 50 mL portions of ethyl acetate.  
The combined organic layers were dried over magnesium sulfate, filtered, and concentrated to 
afford a white solid.  The isolated intermediate was then added to a fresh, flame-dried round 
bottom flask equipped with a Teflon-coated stir bar at 0 °C and dissolved in 45 mL (0.2 M) of 
dimethylformamide.  2.59 g (64.7 mmol, 7.2 equiv) of dry sodium hydride was added in one 
portion followed by 3.7 mL (32.3 mmol, 3.6 equiv) of benzyl chloride.  1 mL (26.97 mmol, 3 
equiv) of distilled H2O was then added dropwise (1 drop per 20 seconds).  CAUTION:  An 
addition that proves too rapid can cause the reaction to foam uncontrollably and effectively ruin 
the experiment.  After two hours, 100 mL of saturated aqueous sodium chloride was added to the 
reaction mixture.  The resulting suspension was then transferred to a separatory funnel and 
extracted with 3 100 mL portions of ethyl acetate.  The combined organic layers were dried over 
magnesium sulfate, filtered and concentrated.  Purification by silica chromatography (TLC Rf = 
0.35 in 8:1 hexanes:ethyl acetate) afforded 3.29 g (8.27 mmol, 92%) of product as a white solid. 
1H NMR (400 MHz, CDCl3): δ 5.08 (s, 6H), 6.28 (s, 3H), 7.28-5.53 (m, 15H). 
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 2,4,6-tris(benzyloxy)benzaldehyde (19a).  350 µL (3.6 mmol, 1.1 equiv) of phosphoryl 
chloride was added dropwise (1 drop per 10 seconds) to a solution of 1.30 g (3.3 mmol) of 19 in 
6.56 mL (0.5 M) dimethylformamide in a round bottom flask equipped with a Teflon-coated stir 
bar at 0 °C.  The solution was subsequently warmed to 23 °C and allowed to gently stir for 18 
hours.  Subsequently, 10 mL of saturated aqueous sodium bicarbonate was added and the 
reaction was allowed to vigorously stir for ten minutes, at which time it was added to a 
separatory funnel and extracted with three 50 mL portions of ethyl acetate.  The combined 
organic layers were dried over magnesium sulfate, filtered, and concentrated.  Silica gel 
chromatography (TLC Rf = 0.29 in 2.5:1 hexanes:ethyl acetate) yielded 1.23 g (0.29 mmol, 88%) 
of product as a white solid. 1H NMR (400 MHz, CDCl3): δ 5.18 (s, 6H), 6.21 (s, 2H), 7.29-7.53 
(m, 15H), 10.52 (s, 1H). 
 
 
 2-methyl-1-(2,4,6-tris(benzyloxy)phenyl)butan-1-ol (19b).  139 mg (5.79 mmol, 2.1 
equiv) of magnesium turnings were extensively ground using a mortar and pestle, added to a 
two-neck round bottom flask equipped with a Teflon-coated stir bar equipped and water cooled 
reflux condenser and vigorously flame dried under vacuum.  The magnesium was subsequently 
suspended in 500 µL of diethyl ether at 23 °C.  565 µL (5.18 mmol, 2.0 equiv) 2-bromobutane in 
2 mL diethyl ether was then added dropwise (1 drop per 5 seconds).  After a short delay, the 
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mixture began to reflux.  After the reaction returned to 23 °C, the contents were cannulated into 
another flame dried round bottom flask with a Teflon-coated stir bar containing 1.10 g (2.6 
mmol) of 19a in 5 mL of tetrahydrofuran and stirred for 16 hours.  The reaction was quenched 
with 50 mL of distilled H2O, added to a separatory funnel, and extracted with three 50 mL 
portions of ethyl acetate.  The combined organic layers were dried over magnesium sulfate, 
filtered, and concentrated to a golden yellow sludge.  The crude product was purified by silica 
gel chromatography (TLC Rf = 0.3 in 3.5:1 hexanes:ethyl acetate) affording 1.14 g (2.35 mmol, 
91%) of the product mixture (equal amount of the two diastereomers that proved inseparable by 
silica chromatography, both were carried through to the next step as they converge to the same 
product after oxidation).  1H NMR (400 MHz, CDCl3): δ 0.98-1.25 (m, 6H), 1.82-1.90 (m, 1H, 
1.90-1.99 (m, 2H), 3.38 (d, 1H), 3.54 (d, 1H, 4.18 (q, 1H), 5.08 (s, 6H), 6.28 (s, 2H) 7.28-7.41 
(m, 15H). 
 
 
 2-methyl-1-(2,4,6-tris(benzyloxy)phenyl)butan-1-one (19c).  33 µL (0.46 mmol, 2.2 
equiv) of dimethylsulfoxide was dissolved in 630 µL (0.33 M) of dichloromethane in a flame 
dried round bottom flask equipped with a Teflon-coated stir bar at -78 °C.  20 µL (0.23 mmol, 
1.1 equiv) of oxalyl chloride was added dropwise (1 drop per 10 seconds) and the resulting 
solution was allowed to stir for 30 minutes.  100 mg (0.2 mmol) 19b was then added in one 
portion, immediately followed by 144 µL (1.04 mmol, 5 equiv) triethylamine, and the reaction 
was allowed to warm to 23 °C over 2 hours.  It was then quenched with 10 mL saturated aqueous 
sodium bicarbonate, added to a separatory funnel, and extracted with three portions of 10 mL 
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CH2Cl2.  The combined organic layers were dried over magnesium sulfate, filtered, and 
concentrated.  Purification by silica gel chromatography (TLC Rf = 0.35 in 6:1 hexanes:ethyl 
acetate) afforded 97 mg (0.20 mmol, 98%) of the desired product.  1H NMR (400 MHz, CDCl3): 
δ 0.86 (t, 3H), 0.99 (d, 3H), 1.30 (m, 2H), 3.19 (m, 1H), 5.04 (s, 6H), 6.23 (s, 2H), 7.32-7.7.41 
(m, 15H). 
 
 
 2-methyl-1-(2,4,6-trihydroxyphenyl)butan-1-one (20).  50 mg (0.08 mmol) of 19c and 
32 mg of 10% palladium on carbon were added to 4.5 mL (0.02 M) methanol in a round bottom 
flask equipped with a Teflon-coated stir bar under H2 atmosphere and allowed to stir for 12 hours 
at 23 °C.  The reaction mixture was filtered through a pad of celite and subsequently 
concentrated.  The crude product was passed through a short plug of silica in ethyl acetate and 
again concentrated to afford 17 mg (0.08 mmol, 97%) of the product.  1H NMR (400 MHz, 
CDCl3): δ 0.88 (t, 3H), 0.98 (d, 3H), 1.33 (m, 2H), 3.17 (m, 1H), 5.31 (br, 3H), 5.92 (s, 2H). 
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2.4 400 MHz 1H NMR Spectrum of pre-achyrofuran 
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Chapter 3  Desymmetrization of β-Dicarbonyls 
 
 
3.1 Introduction 
 
 
 In her natural products, Nature has shown the repetition of many 
patterns, one of the more ubiquitous is the fused ring system.  Many terpenes 
that serve as interesting synthetic targets feature a central fused bicycle, with 
[5,6], [6,7], or even a [6,8] being fairly frequent.  For example, the Vitamin D 
family features a [5,6] bicycle with a heavily aliphatic substitution pattern.16  
The vitamins are an extremely important group of fat-soluble pheromones that 
are well known to facilitate bone resorption.  In this class of compounds, where the only source 
of variation is the R group on the cyclopentane, biosynthesis starts from cholesterol and the same 
group of enzymes are responsible for processing the pro-vitamins through the same biosynthetic 
pathway.  It came to our attention that a similar synthetic approach could be used in which 
functional handles were used in divergent synthesis to install the R group 
from a common starting material.  Another interesting bicyclic natural 
product comes from deep sea sponges, akin to many of the recently 
discovered terpenoids.  Shinsonefuran was isolated just a few years ago from Stoeba extensa, a 
sponge native to southern Japan that piqued the interest of isolationists due to a bioassay-guided 
cytotoxicity study.17 
Exploration into this area began as a result of a serendipitous result by Hilan Kaplan, a 
graduate student in the group.  Starting with the molecule in a natural product synthesis pathway 
as shown in Scheme 8, he attempted to accomplish a net methylene insertion utilizing TMSD.  
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Much to our surprise, a 
homologation did not occur, but 
rather, greater than 20% of the 
starting material was converted to 
and cleanly isolated as the 
corresponding silyl enol ether. 
As this transformation had not been seen before, the mechanism shown in Scheme 9 was 
proposed.  Coordination of scandium renders the protons α to the carbonyl acidic, allowing 
TMSD, which is usually invoked as a nucleophile in our homologation mechanisms, to act a base 
and deprotonate the ketone to form the scandium enolate with the trimethylsilyl diazonium 
molecule as the counterion.  Scandium then serves as a silicon shuttle forming the silyl enol ether 
and produce diazomethane. 
With the proposed evolution of diazomethane, it immediately became apparent that this 
reagent could then do further chemistry, particularly a net methylene insertion.  A somewhat 
obvious application would be a system in which two ketones were present:  one ketone would 
first form the silyl enol ether and produce diazomethane while the other could undergo scandium 
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catalyzed homologation chemistry.  It was then realized that this type of reaction could be 
applied to a symmetric, bicyclic ketone and serve to desymmetrize the molecule for further 
chemistry, as shown in Scheme 10.  Under strict control of equivalency, the first ketone of 22 
could react with TMSD and Sc(hfac)3 to form the silyl enol ether.  Subsequent addition of 
Sc(OTf)3 would serve as catalyst for the carbon insertion reaction due to its effect of making the 
carbonyl a more reactive electrophile.  This sequence would therefore serve to desymmetrize an 
otherwise symmetric α-quaternary diketone. 
An interesting preliminary result came 
from trying the first step of the above reaction.  
The cis-fused ring system yielded a complex 
mixture of products that is yet to be thoroughly 
examined.  On the other hand, the trans-fused 
ring system cleanly afforded one product that was 
not the desired silyl enol ether.  After procuring 
the structure through X-ray crystallography, the 
compound was determined to be as shown in Figures 1 and 2, a ball-and-stick 
model (directly from crystallographic data) and structural formula, respectively.  
It appears that the ketone underwent nucleophilic attack by TMSD as is the first 
step in our homologation chemistry, but as opposed to bond migration, one of two 
possible scenarios occurred.  First, epoxide formation with evolution of molecular nitrogen 
followed by ring opening would yield the product.  Secondly, the mechanism as presented in 
Scheme 11 is also plausible.  Attack with a lone pair on the carbonyl forming the oxonium ion 
allows dinitrogen to leave followed by attack of water upon workup to yield the final product.   
Figure 1 
Figure 2 
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We are confident that this very interesting result is unique in the [6,6] ring system due to the lack 
of transannular interactions.  For example, the π* orbitals on the carbonyls of the [5,5] system 
are much less open and are more likely to undergo deprotonation as opposed to nucleophilic 
attack.  Investigation according to this line of research is described below. 
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3.2 Results and Discussion 
 
 
 Progress towards the development of this new methodology began with the synthesis of a 
basic [5.5] cis-fused bicycle as shown in Scheme 12.  Chloride 25 was able to be used as 
received from Acros, one of the motivations for beginning with this route.  A simple Finkelstein 
reaction utilizing potassium iodide in acetone afforded iodide 26 as precedented in the 
literature.18  Next, a procedure was followed in order to transform 26 into a organozinc and effect 
a 1,4  cuprate conjugate addition to cyclopentenone.19  The resulting keto ester was then 
subjected to Dieckmann cyclization.  For this, preparation of fresh sodium methoxide was 
accomplished by the standard reaction of sodium metal with methanol followed by tritration with 
hexanes.  This was necessary as a strict 1.1 equivalents of sodium methoxide was needed to 
afford Dieckmann product 28.  Finally, base mediated methylation at the doubly-activated 
carbon yields compound 29.  Part of the beauty of this route is that both 28 and 29 are viable 
compounds to test our diazoalkane homologation chemistry and thus screen a wider variety of 
substrates. 
Unfortunately, this route presented problems during the copper-mediated conjugate 
addition step, causing us to briefly explore the alternative route highlighted in Scheme 13.  This 
new strategy retains many of the same disconnections as well as the basic timeline of the first 
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generation.  Beginning with commercially available 3-nitropropionic acid 31, a traditional 
esterification using trimethylsilyldiazomethane in a methanol / benzene solvent system yields the 
corresponding methyl ester 32.  The ester was then added to a solution of potassium tert-
butoxide and cyclopentenone in tetrahydrofuran in order to effect an intermolecular Henry 
Reaction.  In the same pot, 2 N aqueous hydrochloric acid was then added in order to accomplish 
an elimination of nitrous acid in an in situ modified Nef reaction to provide 33.  A standard 
palladium-catalyzed hydrogenation in methanol affords ketoester 34 at which point this route 
intercepts the previous one.  In practice, the only difference between our reactions and an 
analogous sequence reported in the literature was a methyl ester as opposed to the ethyl ester 
above,20 which did not lead us to believe that any other alterations to the synthetic strategy were 
necessary.  However, just as in the first generation, difficulties arose regarding the 1,4-addition 
step that should have afforded 33. 
As it seemed more than coincidental that both the first and now this new route stalled at 
the step that included cyclopentenone, we began to hypothesize that this particular reagent rather 
than the chemistry was the source of difficulties.  Further studies are currently underway to 
determine the cause of lack of complete conversion as well as the nature of the various 
byproducts and decomposition that is observed.  The major focus of the investigation is into the 
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purity and dryness of reagents.  Cyclopentenone will be distilled from a drying agent such as 
calcium chloride. The reagent grade lithium chloride as well as the copper (II) acetate that were 
otherwise quickly dried will be more extensively dried using an Abderhalden Pistol under 
vacuum at elevated temperatures.  Special attention is being paid to the zinc metal which had 
been activated at an unknown earlier date but is now being reactivated with 10% aqueous HCl 
and rinsed with washes of H2O, methanol, and finally diethyl ether.  The powder is then carefully 
added to a flame-dried flask which is then thoroughly flame-dried again and pumped on for an 
hour.  The final pure zinc powder is kept cold, dark, and under an inert atmosphere.  It is our 
hope that in the near future studies can be undertaken with regards to both routes in order to 
ascertain if the increased purity and dryness of reagents will eliminate some or all of the 
problems that are observed. 
 
A route to the corresponding [6.6] bicycle incorporated an analogous strategy to the first 
generation route for the [5.5] system and is elaborated in Scheme 14.  Finkelstein reaction, 
conjugate addition, Dieckmann condensation, and methylation all proceeded without any 
problems.  Interestingly, [6.6] bicycle 38 was isolated as the enol ketone as opposed to the 
diketone.  After the methylation step, a mixture of cis and trans isomers were isolated but were 
able to be chromatographically resolved on silica gel.  COSY 1H NMR experiments were able to 
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differentiate the two isomers after purification.  As nature tends to favor cis fusion in her natural 
products (see Vitamin D core and Shinsonefuran above), this isomer became the focus of our 
attention.  We are very close to being able to test the [5.5] system and remain hopeful with its 
progress.  This project will be continued through the end of this academic year and will most 
likely be integrated into the project of one of the two new sophomore undergraduates.  Much like 
the path to achyrofuran, many possibilities exist and extensive testing will need to be 
accomplished. 
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3.3 Experimental Procedures 
 
 
 General:  Infrared spectra were recorded on a Mettler-Toledo ReactIR iC10 
spectrophotometer, νmax in cm-1.  Bands are reported as strong (s), medium (m), weak (w), and 
broad (br).  1H NMR spectra were recorded on a Varian Gemini 2000 (400 MHz), or Varian 
INOVA 500 (500 MHz) spectrometer.  Chemical shifts are reported in ppm from 
tetramethylsilane with the solvent resonance as the internal standard (CHCl3: δ 7.26).  Data are 
reported as follows:  chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, 
br = broad, m = multiplet), and integration.  13C NMR were recorded on a Varian Gemini 2000 
(100 MHz) spectrometer with complete proton decoupling.  Chemical shifts are reported in ppm 
from tetramethylsilane with the solvent as internal reference (CDCl3: δ 77.16).  High-resolution 
mass spectra were obtained at the Boston College Mass Spectrometry Facility. 
 Unless stated otherwise, all reactions were carried out in flame-dried glassware under an 
atmosphere of nitrogen in dry, degassed solvent with standard Schlenk or vacuum-line 
techniques.  THF, Et2O, toluene, CH2Cl2, DMF, pentane, and hexanes were dispensed from a 
Glass Contour solvent purification system custom manufactured by SG Waters LLC (Nashua, 
NH).  Potassium iodide (Acros), TMSD (Aldrich), and t-BuOK (Aldrich) were used as received.  
TMSCl was distilled under vacuum.  Column chromatography was performed with EMD silica 
gel 60 (230-400 mesh) and driven with compressed air.  Analytical TLC was carried out with 
EMD silica gel 60 F254 precoated plates (250 µm thickness) and a ceric ammonium molybdate 
stain, potassium permanganate stain, phosphomolybdic acid stain, or UV fluorescence was used 
for spot visualization. 
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Ethyl 4-iodobutanoate (36).  2 mL (14.7 mmol) of ethyl 3-chloropropionate was added 
to 30 mL (0.5 M) of wet, benchtop acetone in a round bottom flask equipped with a Teflon-
coated stir bar equipped with a water-cooled reflux condenser.  22.01 g (146 mmol, 10 equiv) of 
potassium iodide was added in one portion and the mixture was heated to 60 °C and allowed to 
stir for 48 hours.  The reaction was then quenched with 30 mL of saturated sodium thiosulfate, 
added to a separatory funnel, and extracted with three 30 mL portions of diethyl ether.  The 
combined organic fractions were dried over magnesium sulfate, filtered, and concentrated 
yielding a 3.0 g (13.2 mmol, 90%) pale yellow oil with adequate purity.  1H NMR (500 MHz, 
CDCl3): δ 4.18 (q, 2H), 3.27 (t, 2H), 2.49 (t, 2H), 2.16 (t, 2H), 1.29 (t, 3H). 
 
 
Ethyl 3-iodopropanoate (25).  2 mL (14.7 mmol) of ethyl 4-chlorobutyrate was added to 
30 mL (0.5 M) of wet, benchtop acetone in a round bottom flask equipped with a Teflon-coated 
stir bar equipped with a water-cooled reflux condenser.  22.01 g (146 mmol, 10 equiv) of 
potassium iodide was added in one portion and the mixture was heated to 60 °C and allowed to 
stir for 48 hours.  The reaction was then quenched with 30 mL of saturated sodium thiosulfate, 
added to a separatory funnel and extracted with three 30 mL portions of diethyl ether.  The 
combined organic fractions were dried over magnesium sulfate, filtered, and concentrated 
yielding a 2.94 g 12.9 mmol, 88%) pale yellow oil with adequate purity.  1H NMR (500 MHz, 
CDCl3): δ 4.18 (q, J=8.9, 2H), 3.32 (t, 2H), 2.97 (t, 2H), 1.28 (t, 3H). 
 
EtO
O
I
EtO
O
I
37 
 
Methyl 3-nitropropanoate (32).  1.76 g (14.8 mmol) of 3-nitrobutyric acid was added to 
14.8 mL (1 M) dry methanol in a flame-dried round bottom flask with a Teflon-coated stir bar.  
12 mL (1.85 M, 22.2 mmol, 1.5 equiv) of trimethylsilyldiazomethane was added dropwise and 
the reaction was stirred for 5 hours.  Extra equivalents of TMSD were necessary as the stock 
solution appeared to be contaminated with an unknown compound by 1H NMR.  NMR 
integration was used to calculate required equivalents.  The mixture was concentrated in vacuo 
and purified via distillation using a Kugelrohr apparatus under vacuum at 90 °C, thus affording 
1.71 g (12.9 mmol, 87%) of the product as a clear oil.  1H NMR (500 MHz, CDCl3): δ 4.63 (t, 
2H), 3.77 (s, 3H), 2.99 (t, 2H). 
 
 
Methyl 3-(3-oxocyclopentyl)acrylate (33).  1.37 g (12.2 mmol, 1 equiv) of potassium 
tert-butoxide was added to a flame-dried flask equipped with a Teflon-coated stir bar in the 
glove box.  The flask was brought out and in a fume hood and 21 mL (0.1 M) of tetrahydrofuran 
was added and the mixture was cooled to -20 °C at which time 1.620 g 32 (12.18 mmol) was 
added in one portion.  1 mL (12.2 mmol, 1 equiv) of cyclopentenone was added dropwise over 5 
minutes and the reaction was allowed to stir for 72 hours.  The reaction was quenched with 50 
mL of 2 N aqueous HCl and allowed to be vigorously stirred for 15 minutes.  The reaction was 
subsequently added to a separatory funnel and extracted with three 50 mL portions of diethyl 
ether.  The combined organic extracts were dried over magnesium sulfate, filtered, and 
concentrated.  The crude reaction mixture was purified by silica chromatography (1:1 
O2N OMe
O
O
OMe
O
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hexanes:diethyl ether), but the requisite allylic proton signals were not seen by 1H NMR and the 
reaction was put aside. 
 
 
Ethyl 3-(3-oxocyclopentyl)propanoate (27).  1 g (15.3 mmol, 1.04 equiv) of Zn was 
added to 1.2 mL of tetrahydrofuran in a flame-dried round bottom flask equipped with a Teflon-
coated stir bar.  26.4 µL (0.307 mmol, 0.02 equiv) of 1,2-dibromoethane was added in one 
portion and the suspension was heated to 65°C for 1 minute at which time vigorous bubbling was 
observed.  After cooling to 23 °C, 26.4 µL (.307 mmol, 0.02 equiv) of trimethylsilylchloride was 
added.  After 15 minutes passed and the effervescence had ceased, 3.35 g (14.69 mmol) of 26 in 
3 mL of tetrahydrofuran was added and the mixture was heated to 35 °C for 20 hours.  The 
reaction mixture was then cooled to -20 °C and quantitatively cannula transferred into a flame-
dried round bottom flask with a Teflon-coated stir bar containing 1.41 g (7.64 mmol, 0.5 equiv) 
of copper (II) acetate, 0.65 g (15.3 mmol, 1.04 equiv) of lithium chloride (both of which were 
vigorously flame dried), and 5.9 mL of tetrahydrofuran and stirred for 10 minutes.  0.689 mL 
(7.05 mmol, 0.49 equiv) of cyclopentenone and 1.8 mL (16.3 mmol, 1.1 equiv) of 
trimethylsilylchloride in 3 mL of diethyl ether was added and the reaction was stirred for another 
1 hour before warming to 23 °C and stirred for 22 hours.  The reaction was quenched with 15 
mL of saturated aqueous ammonium chloride and extracted with three 20 mL portions of diethyl 
ether.  The combined organic extracts were dried over magnesium sulfate, filtered, and 
concentrated.  The crude reaction mixture was purified by silica chromatography (8:1 
O
OEt
O
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hexanes:ethyl acetate), but the diagnostic proton signals were not seen by 1H NMR and the 
reaction was put aside. 
 
 
 Ethyl 4-(3-oxocyclohexyl)butanoate (37).  948 mg (14.5 mmol, 2.2 equiv) of finely 
ground zinc metal powder was washed with successive 1 N aqueous hydrochloric acid, distilled 
water, methanol, and subsequently diethyl ether and added to a round bottom flask equipped with 
a Teflon-coated stir bar.  1.1 mL of tetrahydrofuran and 0.22 µL (0.26 mmol, 0.04 quiv) of 1,2-
dibromethane were added and the flask was heated to 65 °C for 1 minute.  Some minor 
effervescence was observed.  After cooling to 23 °C, 25 µL of trimethylsilylchloride in 15 mL of 
tetrahydrofuran was added dropwise and the reaction was stirred for 15 minutes until bubbling 
subsided.  3.35 g (14.7 mmol) of 36 in 3 mL of tetrahydrofuran was then added in one portion 
and the reaction was stirred overnight at 38 °C at which time the vessel was cooled to -20 °C.  In 
a separate round bottom flask equipped with a Teflon-coated stir bar at -20 °C, 1.32 g (7.3 mmol, 
1.1 equiv) of copper (II) acetate and 614 mg (14.5 mmol, 2.2 equiv) of lithium chloride were 
added, both of which were dried overnight at 150 °C under vacuum in the presence of 
phosphorous pentoxide in an Abderhalden drying pistol.  The original zinc suspension was 
quantitatively transferred via cannula to the new copper solution and allowed to stir for 10 
minutes.  A solution of 0.64 mL (6.6 mmol) of cyclohexenone and 1.7 mL (13.2 mmol, 2 equiv) 
of trimethylsilylchloride in 3 mL of diethyl ether was added dropwise over 5 minutes.  The 
mixture was stirred for 1 hour at -20 °C at which time it was quenches with 25 mL of saturated 
aqueous ammonium chloride and extracted with 3 equal 30 mL portions of diethyl ether.  The 
O
OEt
O
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combined organic layers were dried over magnesium sulfate, filtered, and concentrated to yield a 
yellow oil.  The crude product was purified by silica chromatography (20:1 hexanes:ethyl 
acetate) and carried directly to the next step. 1H NMR (500 MHz, CDCl3): δ 4.12 (q, 2H), 2.49-
2.43 (t, 2H), 2.39-2.33 (m, 3H), 2.19-2.10 (m, 3H), 1.97-2.03 (m, 5H), 1.38-1.23 (m, 3H), 1.21 
(t, 3H). 
 
 
 Bicyclo[4.4.0]decane-2,10-dione (38).  Sodium methoxide was prepared in what would 
become the reation flask by adding 128 mg (5.6 mmol, 1.2 equiv) of sodium metal to dry 
methanol (6 mL) and stirred vigorously using a Teflon-coated stir bar.  When no sodium was 
visible in the bottom of the flask, the methanol was vacuum pumped away and the resulting 
sodium methoxide was tritrated with 10 mL of hexanes, yielding a white solid.  The pure sodium 
methoxide was then re-suspended in 15 mL of diethyl ether and 37 was transferred using 10 mL 
of diethyl ether, for a total concentration of 0.2 M.  The reaction was allowed to stir for 2 days 
(~48 hours) at 23 °C at which time it was quenched with 20 mL of 1 N aqueous hydrochloric 
acid and added to a separatory funnel.  The biphase was then vigorously agitated and washed 
with three 20 mL portions of diethyl ether.  The combined organic extracts were collected, dried 
over magnesium sulfate, filtered and concentrated in vacuo to give a yellow oil.  The crude 
product was purified by silica chromatography (20:1 hexanes:ethyl acetate) to give 357 mg of the 
product as a white solid in 33 %yield, all of which was the keto-enol form (as predicted) as 
opposed to the diketone which would have otherwise been anticipated.  1H NMR (500 MHz, 
CDCl3): δ 1.28 (m, 2H), 1.73 (m, 2H), 1.97 (m, 4H), 2.42 (m, 5H), 16.23 (s, 1H). 
O O
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 9-methyl-cis-decalin-1,8-dione (39).  38 was added in one portion to 34.4 mg (0.86 mmol, 
0.95 equiv) of sodium hydride (washed with hexanes to free it of grease) suspended in 9 mL (0.1 
M) of dimethylformamide and stirred for 1.5 hours in a round-bottom flask with a Teflon-coated 
stir bar.  143 µL (2.3 mmol, 2.5 equiv) of methyl iodide was then added in one portion and the 
suspension was stirred overnight at which point it was quenched with 15 mL of 1 N HCl and 
extracted with 3 30 mL portions of diethyl ether.  The combined organic extracts were dried over 
magnesium sulfate, filtered, and concentrated to a pale yellow oil that solidified upon cooling.  
The crude product was purified by silica chromatography (9:1 diethyl ether:hexanes) and the 
product was isolated as a white solid.  1H NMR (500 MHz, CDCl3): δ 1.44 (s, 3H), 1.73 (m, 2H), 
1.82 (m, 2H), 2.09 (m, 3H), 2.16 (m, 2H), 2.42 (m, 2H), 2.56 (m, 2H). 
O O
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